Three simple and sensitive spectrophotometric methods (I, II, and III) in the visible region have been developed for the quantitative estimation of nitazoxanide in bulk drug and pharmaceutical formulations. These methods are based on the reaction of reduced nitazoxanide with p-dimethylaminobenzaldehyde, p-dimethylaminocinnamaldehyde and vanillin in acidic conditions to form pink, orange red, and orange yellow coloured chromogens with absorption maxima at 559 nm, 534.5 nm, and 475 nm, respectively. The reduction of nitazoxanide was carried out with zinc granules and 5 N hydrochloric acid at room temperature in methanol. Beer's law is obeyed in the concentration range of 5-25 µg/ml, 5-25 µg/ml, and 10-50 µg/ml, respectively. The results of analysis have been validated statistically and by recovery studies. The methods were found to be accurate, precise, rapid, and economic. The results are comparable with those obtained with visible spectrophotometric method in methanol at 402 nm.
Nitazoxanide (1) [1] [2] [3] [4] [5] , N-(5-nitro-2-thiazolyl) salicylamide nitazoxanide. acetate, is used as antiprotozoal and anthelmintic agent. It is used in the treatment of giardiasis 2 and cryptosporidiasis 2 . It A Shimadzu UV/Vis double beam spectrophotometer is not official in any pharmacopoeia, and analytical reports (model 1700) with 1 cm matched quartz cells was used for are not found in literature for its quantitative estimation in all spectral measurements. p-dimethylaminobenzaldehyde, bulk drug and pharmaceutical formulations. Three simple p-dimethylaminocinnamaldehyde and vanillin, AR grade, and sensitive spectrophotometric methods for the were obtained from Qualigens, Mumbai. Nitazoxanide quantitative estimation of nitazoxanide have been sample was obtained from M/s Lupin Ltd., Mumbai. developed after converting it to its reduced form, N-(5-Methanol obtained from Qualigens, Mumbai, was used. amino-2-thiazolyl) salicylamide acetate (2), by using zinc granules and 5 N hydrochloric acid in methanol at room About 100 mg of nitazoxanide (pure or equivalent tablet temperature.
powder) was accurately weighed and dissolved in 20 ml of methanol. The methanol solution of nitazoxanide was These methods (I, II, and III) are based on the treated with 10 ml of 5 N hydrochloric acid, and 1 g of condensation reaction of reduced nitazoxanide (2) as zinc granules were added in portions while shaking. After shown in Scheme 1 with p-dimethylaminobenzaldehyde standing for 1 h at room temperature, the solution was (PDAB) (3), p-dimethylaminocinnamaldehyde (PDAC) (4), filtered through cotton wool. The residue was washed and vanillin (5) to form pink (6), orange red (7), and with 10 ml portions of methanol three times, and the total orange yellow (8) coloured chromogens with absorption volume of the filtrate was made up to 100 ml with maxima at 559, 534.5 and 475 nm, respectively. Beer's law methanol. The final concentration of reduced is obeyed in the concentration range of 5-25 µg/ml for nitazoxanide was made to 100 µg/ml. If the methanol methods I and II, and 10-50 µg/ml for method III. These sample solutions were diluted with distilled water, small methods have been successfully extended to the particles were found to appear; therefore, directly pharmaceutical preparations (tablets) containing methanol solutions were used for estimation.
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Scheme 1: Reactions involved in formation of coloured Schiff's bases.
10 ml volumetric flasks. To each of the above aliquots, 0.5 ml of PDAB solution in methanol (2% w/v) was added and heated at 60-70° for 10 min. After cooling, the volume was brought up to the mark with methanol, and the absorbance of the pink coloured species was measured at 559 nm against reagent blank. The coloured chromogen was stable for more than 3 h. The amount of nitazoxanide present in the sample was computed from calibration curve.
In method II, fresh aliquots of reduced nitazoxanide ranging from 0.5-2.5 ml were transferred into a series of 10 ml volumetric flasks. To each of above aliquots, 3 ml of PDAC solution in methanol (0.4% w/v) was added and heated at 60-70º for 10 min. After cooling, the volume was brought up to the mark with methanol, and the absorbance of the orange red coloured species was measured at 534.5 nm against reagent blank. The coloured species was stable for more than 4 h. The amount of nitazoxanide present in the sample was computed from calibration curve.
In method III, fresh aliquots of reduced nitazoxanide ranging from 1-5 ml (1 ml=100 µg) were transferred into a series of 10 ml volumetric flasks. To each of the above aliquots, 1.5 ml of vanillin solution in methanol (3% w/v) was added and heated at 60-70° for 20 min. After cooling, the volume was brought up to the mark with methanol, and absorbance of orange yellow coloured species was measured at 475 nm against reagent blank. The coloured species was stable for more than 3 h. The amount of nitazoxanide present in the sample was computed from calibration curve.
The developed methods were used for the estimation of nitazoxanide in two batches of Nizonide tablet (Lupin Limited, Mumbai) formulations. Ten tablets of formulation, each containing 500 mg of nitazoxanide, were accurately weighed and powdered. Weight of tablet powder equivalent to 100 mg of drug was taken.
The results of the above methods are compared with the results obtained with visible spectrophotometric method, where nitazoxanide exhibits absorption maxima at 402 nm in methanol and Beer's law is obeyed in the concentration range of 2-10 µg/ml. Solution of nitazoxanide (100 µg/ml) in methanol, either pure or formulation, was prepared. Aliquots of nitazoxanide ranging from 0.2-1.0 ml were transferred into a series of 10 ml volumetric flasks. The volume was made up to the mark with methanol, and the absorbance of the solutions was measured at 402 nm against the solvent blank. The amount of nitazoxanide present in the sample was computed from calibration curve.
The optical characteristics such as absorption maxima, Beer's law limits, molar absorptivity, and Sandell's sensitivity are presented in Table 1 . The regression analysis using the method of least squares was made for the slope (b), intercept (a), and correlation (r) obtained from different concentrations, and the results are summarized in Table 1 . The percent relative standard deviation and percent range of error (0.05 and 0.01 level of confidence limits) calculated from eight measurements, ¾ of the upper Beer's law limits of nitazoxanide are given in Table 1 . The results 
